ABSTRACT: This letter aims at selecting an efficient variable block size mode in H.264 video coding standard for better compression performance. The proposed scheme is based on 3D Recursive Search algorithm and takes into account the motion vector cost and previous frame information. The best mode for the current macroblock is obtained by analyzing the modes for a maximum of four macroblocks in the current and the previous frames. An improvement in the encoding time with negligible impact on the subjective and the quantitative performance has been achieved.
VARIABLE BLOCK SIZE:
Unlike the previous video coding standards such as MPEG 1 and H.263, the H.264 standard allows variable block sizes to be used in motion estimation. It permits seven different block sizes namely 16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4. A separate motion vector is transmitted for each block size. Thus for a 16x16 macroblock, a maximum of 16 motion vectors can be sent assuming that 4x4 blocks are used. The blocks with higher motion detail can be coded using smaller block size that helps in improving the prediction by taking into consideration fine details in motion. Similarly, the blocks with less motion detail can be encoded using larger block sizes [3] . It can be easily observed that as the block size is reduced, there is an increase in the number of encoded bits since motion vector for each block has to be transmitted. The VBS scheme aims to produce the minimum number of bits for encoding all kinds of video sequence. This improved compression performance albeit comes with additional computational complexity. In the reference implementation [4], the variable block size modes have been divided into two types: macroblock level modes and 8x8 chroma level modes. The macroblock level modes consist of 16x16, 16x8 and 8x16 block sizes whereas the 8x8 chroma modes consist of 8x8, 8x4, 4x8 and 4x4 block sizes. In order to select the best mode for a block, motion vector cost is calculated for all the modes. The mode that gives the minimum cost is selected as the best mode and used for encoding. The reference coder supports two cost calculation criteria. One is the Motion Vector (MV) based cost and the other is the RD based cost. The MV based cost is calculated by using a lambda factor defined as: Analysis has been done on five standard video sequences in QCIF (176x144) format each representing a different class of motion. These include 'news', 'foreman', 'coastguard', 'trevor' and 'silent'. The first 100 frames of each of the above mentioned sequences at a frame rate of 30 fps have been used for this purpose.
MODE SELECTION IN REFERENCE MODEL AND EVALUATION MEASURES:
These sequences have been selected on the basis of variety of motions that they contain. The sequences were encoded using the proposed VBS mode selection schemes described later in section 4 and compared with reference implementation.
The reference encoder consists of the seven variable block sizes with one reference frame option. The quality of the encoded stream is determined through the average SNR values for the luminance and the chrominance components. The complexity is determined by the average time it takes for the encoding of the frames at a frame rate of 30 fps. Profiling results are used to ascertain the increase in the complexity of the software as a result of the implementation of the new approaches.
PROPOSED TECHNIQUE FOR MODE SELECTION:
A modified 3D Recursive Search (3DRS) based algorithm has been used previously in the motion estimation of the video sequences [6] . This scheme has been shown to offer faster convergence in motion vector prediction using three-dimensional vector space. The VBS algorithm proposed here is based on the same principle that employs the modes calculated for the current and the previous frame to determine the mode for the current macroblock. Modes for the first column and the first row of the macroblock are calculated by exhaustively testing all the modes. Modes for the first row and column, shown by gray blocks in figure 1 , are selected by thoroughly checking all the modes and selecting the mode with the minimum cost as in the reference implementation. For macroblock X, the modes of macroblocks A, B, C and D are used and the mode that has the least cost is chosen. The modes used for A, B and C are the ones that have been calculated in the current frame. The mode used for D is as (2) calculated in the previous frame. Similarly, if the macroblock is on the right or the bottom edge then the modes for the macroblock E F and G are used.
Current Mode = min( MV_COST(mode of A), MV_COST(mode of B), MV_COST(mode of C) MV_COST(mode of D))
The results for this algorithm, shown in figure 2 and figure 3 , illustrate that there is corresponding reduction in the computational complexity of the encoder. Figure 2 shows that there is a substantial decrease of over 30% in the encoding time of the sequences when compared to the reference implementation. Figure 3 represents the total encoded bits for each sequence using the proposed scheme. Since the reference implementation is an exhaustive search for the best mode, therefore the number of bits for each sequence is the least. The total bits resulting from the modified 3DRS based selection afford similar compression performance. There is a maximum increase of around 15% in the bitstream size over the reference implementation in all sequences. The profiling results obtained from VTune in Table 1 show that the percentage decrease in the total time taken by the main module and macroblock_encode module of the encoder through the proposed mode selection technique is around 70%. As shown in Table 1 , there is significant decrease in the time taken by these modules in the proposed scheme compared to the reference implementation. This reduction in computational complexity helps in real-time implementation of the H.264 video encoder. 
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